We establish a multiplicity result to an eigenvalue problem related to secondorder Hamiltonian systems. Under new assumptions, we prove the existence of an open interval of positive eigenvalues in which the problem admits three distinct periodic solutions.
Introduction
In this paper, we consider the following eigenvalue problem: 
A(t)u(t),u(t) dt ,
F t,u(t) dt (1.4) are continuously differentiable and weakly lower semicontinuous on H 1 T (see [11] ), where Then we define
where · ∞ denotes the sup-norm in C 0 (0,T;R N ). Our main result, Theorem 2.1, gives conditions that assure the existence of an open interval Λ ⊂ [0,∞[ and real number ρ > 0 such that (1.1), for each λ ∈ Λ, admits at least three distinct solutions whose norms are less than ρ. Moreover, we are able to give information about the location of such interval Λ since it results that Λ ⊆ [0,a], where a is a positive real number whose dependence from data is given.
The proof of Theorem 2.1 is essentially based on a result due to Bonanno [3] , which specifies the three critical points theorem obtained by Ricceri [12, Theorem 1] , which has been widely applied to obtain multiplicity results for some Dirichlet and Neumann problems [2, 4, 5, 6, 7, 9, 10, 12, 13] .
. Let X be a separable and reflexive real Banach space and let Φ,J : X → R be two continuously Gâteaux differentiable functionals. Assume that there exists x 0 ∈ X such that Φ(x 0 ) = J(x 0 ) and Φ(x) ≥ 0 for every x ∈ X, and that there exist x 1 ∈ X and r > 0 such that
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Further, put 
admits at least three solutions in X whose norms are less than ρ.
The authors who gave the major contribution to the existence of three solutions for second-order Hamiltonian systems are Tang and Wu [14, 15, 16] . Another interesting result on this topic has been recently obtained by Faraci in [8] .
The condition present in all the papers of Tang is as follows: there exist r > 0 and an integer k ≥ 0 such that
for each |x| ≤ r and almost everywhere t ∈ [0,T], where w = 2π/T. Tang, using condition (1.10) together with coercive assumption on F (weakened in [16] ) or in presence of a sublinear behavior of the nonlinearity, proved that the problemü
admits three solutions. Problem (1.1), with λ = 1, has been studied by Faraci [8] when
We also cite the result recently obtained by Barletta and Livrea in [1] , where the authors deal with problem (1.1) when the nonlinearity is of the type
b(t)∇G(x).
Section 3 is dedicated to a comparison with some results cited above in order to stress the novelty of our conditions. In particular, we give a simple example which fits all the hypotheses of Proposition 3.1 but does not satisfy condition (1.10) and conditions (2) and (3) 
Main result
In this section, we state and prove our main result. 
2)
with h > 1, and assume that there exist M > 0 and α ∈ L 1 (0,T;R + ), with
for every x ∈ R N , with |x| > M, and almost everywhere t ∈ [0,T]. 
and by (2.3), it results that
Finally, we observe that the Gâteaux derivative of Ψ is compact due to the compact embedding of H 
Some consequences
A consequence of Theorem 2.1 is the following proposition.
and there exists c ∈ R N \ {0} such that 
admits at least three distinct solutions whose norms are less than ρ.
Proof. We have
F(t,x) = a(t)G(x) + b(t)H(x). (3.4)
Fix > 0; there exists M > 0 such that, for each x ∈ R N with |x| > M,
Hence, one has
for |x| > M and almost everywhere t ∈ [0,T]. Then, owing to the arbitrariness of , condition (ii) is satisfied. One has
Moreover, we have
for every r > 0. It is easily seen that there exists a sequence of positive real numbers {r n } n∈N decreasingly convergent to zero and such that
Hence, by hypothesis, it follows that
So fix r n < T 0 (A(t)c,c)dt for which one has
Although the hypotheses of Proposition 3.1 do not allow us to give a bound for a, it can be calculated in concrete applications as the proof implicitly shows. Now we want to make a comparison with some results cited in the introduction. For the reader's convenience, we cite the Faraci's main theorem and, subsequently, the one of Barletta and Livrea. 
such that 
(3.14)
Then the problemü 
with p > 1 and suppose that
and a positive real number ρ such that for every λ ∈ Λ, the problem 
it is easily seen that (a) and (b) imply condition (i) and (c) is equivalent to (ii). Finally, we give the following simple application of Proposition 3.1.
Example 3.5. Consider the following eigenvalue problem: for every b ∈ R + , has only one local minimum which is global.
